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ABSTRACT

sing a rotating cone, a scudy was made to determine the velocity
dependent shear property of various soils. In the wide variety of soi's
tested including clays, wet and dry sands, no discernible velocity dependent

shear properiies were measured.
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SOIL STUDIES = AN INVESTIGATION INTO THE PROPERTIES OF THE SOIL-WHEEL INTERFACE

Part 2 - Results of Tests with a Rotating Cone in Sand #
by ]

Louis 1. leviticus

INTRODUCTION

eiiaibotani

The purpose of this investigation was to verify the existence of
velocity dependent soil-wheel interface parameters as postulated and

developed in the first part of this study.] The basic premises for the

theoretical considerations were:

a. There exist soil-rigid bodies interface properties which

: manifest themselves when relative moment occurs.

4
g 0
§
i

b. The interface properties arc velocity dependent.

c. The interface properties can be separated into cohesive

and frictional properties-

In order to determine these properties, a mechanism is needed which ;
can generate relative movement of the rigid body with respect to the 4

soil mass at various velocities.

Moreover, it is required that the phenomenon as it cccurs, will have

sufficient similarity to the phenomcna occurring near a moving soil=wheel

interface to warrant the use of those parameters. 4
Due to financial restraints, the testing was performed mainly on sand. H
The tests performed on clay were not numerous enough to resul: in reliable

conclusive data and are therefore not included in this report.
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During the execution of this work a stucy was published on soil
wheel intcraction at high speedsz. The author conducted tests of full
size aircraft landing gear wheels at velocities up to about 100 knots.
The soils used were a buckshot clay and a river sand. The tests showed
a reduction of drag lcad and rut depth with increasing velocity up to about
20 knots. After this minimum the drag lnad and rut depth increased to a
maximum in the vicinity of 40 knots. It was tentatively assumed that
up to 20 knots no inertial effects took place. Below this threshold
one would expect that the viscous effects dominate. The tests conducted
with the cone were at lower velocities, up to about 10 knots. Also our
tests were so far conducted only cn a sand. Thus our data are not directly

comparable with the data in the paper.

The author used a modified version of the WES sand and clay mobility

numbers. The modification does result in two dimensional mobility

numbers .
6 1.2
o = Ll(bd) _t [LJ]
c Ft h.' L
t
1.5 s
E 6(bg)>’? St 5
s F h =
t t
where Cl = Cone Index (psi)
G = Cone index gradient (psi/in)
{ = wWwheel width (in)
d = Wheel diameter (in)
F, = Drag force (1b)
ht = Tire section height (in)
e = Tire deflection (in)
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These dimensions may be part of the reason for some of the differences
i be tween the theoretical and empirical curves since R and (g are
both used in the rut depth prediction equation and in the drag force
equation.
The nature of the empirical drag force curves in the first region
for a sandy soil do show a similar trend as did the torque versus
velocity data for the rotating cone.

Additivnal work was performed at WES by Turnage3

who penetrated
cones at different velocities in the soil. It is not clear at this

point how the results of our rotation tests can be compared to the

penetration tests.
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Design of the Instrument

—re——ra—

The design consisted of a cone mounted on a shaft and driven by a

servo-controlled motor (Figs. 1,2,3).

Drive motor, bearings, cone and velocity transducer are mounted on
a plate, which is attached to a second plate by means of a set of radial
arms which allow small radial movement. This movement is sensed by a

Shaevitz LVDT and calibrated with a known torque input (Figure 2).

The force of penetration is measured by a Lebow load cell mounted
below the sample tray. A position crank is used to zero the sinkage
measuring potentiometer and the sample is pulled upward along the shafts
against the cone by the weights in the two weight pans. This type of
operation was developed because:

&. The cone finds its own depth under the actual applied weight.
b. The accuracy of measurement is improved since the weight
of the soil sample is much less than that of the cone, drive motor and
torque transducing system.
c. The load on the sample can be recorded continuously
while the test is run.
d. The removal of the sample and insertion of a new sample
is made easier.
e. The drive system and transducers could be mounted more

rigidly on the framework of the machine.

. ! o)
Two stainless steel cones were made having apex angles of 30

and 60°. The 30° cone was 5" high and the 60° cone was 4" high.
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DRIVE MOTOR

. TORQUE TRANSDUCER
.VELOCITY TRANSDUCER
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SINKAGE TRANSDUCER
.WEIGHT PAN (2)
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FIG.l. SCHEMATIC DRAWING OF CORE TESTER
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FIG. 2. DETAIL OF TORQUE BALANCE
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FIGURE 3. THREE VIEWS OF THE ROTATING CONE SOIL TESTER
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The following quantities were measured during a test:
1. the penetration force on a cone
2, the torque needed to rotate the cone
3. the rotational velocity

L. the sinkage of the cone

Preliminary calculations indicated the following ranges:
1. torque values up to 6 lb-in
2. weight (penetration force) up to 15 1b
3. rotational velocity up to 2500 rpm

L, sinkage up to L4 in

The equipment consisted of the following items:
1. cone drive and test stand
2. control system for cone drive

3. data recording system

Sinkage is measured by means of a 10-turn potentiometer through a
special non-slip wire running between a reference point on the base plate
of the cone drive to the sample platform. It is zeroed for every test by
using the position crank. Zero sinkage was taken when the cone point
touched the soil surface. The velocity was measured by a tach-generator

attached to the base plate.

All measurements were recorded on a Sanborn 150 strip chart recorder.
The drive system consists of an EC MOTOMATIC DC servo motor generator
with a control panel. The capacity of the motor is 80 oz in. |In the
beginning, it was felt that torque could be measured through the control

system of the motor, but this was abandoned. Also the original framework
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allowed too many vibrations and innacuracies in measurement of the sinkage H
which is extremely critical, siuce H appears in the third and second
power in the calculations of the shear stress 7 and the normal stress o

(see Reference 1 and Equations (1), page ).

SOIL SAMPLES

The soil was initially tested in round containcis which measured 6'' x 61!
(large size coffee cans). The sand was processed after cach penctration-
rotation test by thoroughly mixing and then shaking it a certain number of

times. The grain size distribution is given in Fiqgure 4.

For the wet samples, thc sand was mixed and shaken and then allowed to
reach uniform conditions by aging between 16 to 20 hours. Samples were
taken before and after every test and moisturce conten' determined by weighing

the sampie before and after oven drying.

The shaking equipment consisted of an 1800 rpm electric motor wounted
on a wooden plate. The motor shaft had a small eccentric weight attached
to it., The vibration thus gencrated did an cxcellent job of compacting
the sample. By timing the duration of the vibration, different den<itiecs

could be obtained which were very consistent.

RESULTS AND DISCUSSION OF PRELIMINARY TESTS

Two serics of preliminary tests were run during which sceveral improvements

were made to method and equipment.

Various moisture contents and densities were tested.

A1l tests were performed at the basic standard velocily Vo = 20 rpm.
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The resulting data showed a large amount of scatter. It was concluded
that the scatter in the data was mainly caused by the interference between

the cones and the sides and bottom of the container,

Subsenuent tests were therefore carried out in buckets measuring 10"
by 10" wnich were fiiled with 9'' of sand. The data thus obtained showed

considerably less scatter for both cones.
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DETERMINATION OF STANDARD e AND o

The standard values of @ and u, were determined at a basic
standard velocity of rotation , V0 . This velocity was selected on the
basis of the lowest practical and stable velocity the test set-up could

maintair. 1t was found to be 20 rpm.

Plots of the T versus o obtained from the cxperiments are

presented in Figures 5 anrd §.

He re
T = CI ;%
H A
(1)
W
c = (C, =
2 H2
whe re T = the measured torque applied to the cone
W = the measured vertical load on the cone
H = the measured sinkage of the cone tip below th¢ surface
C,,C. = constants dependent upon the apex angle of the cone(])

In order to understand the causes of the data scatter exhibited in
Figures 5 and 6 analysis was made using a stepwise multivariate regression
technique employing moving averages to fit a curve to the experimental valwes.
To do this, averages of experimental values of T and H were plotted against
average values of W. Smooth curves drawn thrcugh these data were then
used to obtain one value of T (called the curve value , Tr) and one value

»

of H (Hc) for each value of W. The ratios

T H

R, = = and = ot

TTT AT

(o} C
12 .
o
.'"“
;‘,"
. N
h""‘ R o A b by s e — =, ,:"

SEPLPEREITN A Haoldiatstiia kb A
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were then computed and plotted cgainst euch other.

Figure 7 shows three possible results of such an analysis. In

Figure 7a the conclusion would be that R is independent of R

T H

i.e., the experimental values of T scatter about their expected values
independent of the scatter of H about H, - !f the data group as shown
in Figure 7b, it would indicate that, at values of H beclow the expected
value HC , the T values are higher than expccted, thus indicating an
inverse relationship. The relationship depicted in Fiqure 7c¢ shows the
inverse of that shown in Figure 7b. The scatter along the band, in the
direction of the arrows, indicates that some other paramecter influences
the phenomenon. In most cases this would be some uncontrolled or badly

controlled test condition.

Since in our case the variables which are included in the analysis
are W, v and m , it is to be expected that the data would group
themselves in moisture~density related clusters on the Ry and RH
plots. Similarly, two different cone shapes should show the angle ecffect
if it exists. In Figures 8 and 9 two test scries were carried out for coch
cone. The loose soil was prepared by stirring and loosening air dry sand

in the large sample can. ihe dense sample was obtained by using the

vibrator for 25 seconds on the same air dry sand.

The density in each case as measured by a cone penctrometer over

a 3" depth was:

L4 psi/in

Loose: G

Dense: G 15 psi/in
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(a)

(b
?
; R
_ T
‘ [ (c)

I R,
[ FIG. 7. EXAMPLES OF RELATIONSHIPS BETWEEN FZT AND RH
1

16
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RELATIONSHIP FOR A 30° CONE IN DRY SAND
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From the figures, it is clear that scatter in the RH direction
is due to density. For both cones there is a distinct polarization. It
was to be expected that the experimental sinkage value would be smaller
than the overall expected sinkage value for the denscr material, since

the overall value includes both sets of data.

The scatter in the RT direction is thus a result of other
influences on the T-H relation, since meoisture is a constant for both
the loose and dense conditions. It can be scen that within cach density,
the torque T tends to increase with respect to the erpected  ~rque
value , TC , when the sinkage H incrcased with respect to the cxpected
sinkage value , Hc , which is logical. The word "expected' should be
interpreted here in the following manner. Since the valucs of TC and
HC were calculated for the same load W it is ‘o be expected that the
actual data points will spread themselves with some amount of scatter

about this point. Since this point is not really an average in the usual

sense, it was felt appropriate to call this central value the expected value.

in Figures 10 and 11 the RT versus RH plots for a series of lests

at low but varying moist:re content arc given. |- these tests attempts
were made to keep the density constant, bul it can be secen, cspecially
in the 60° cone test, that in some of the tests, notably 70408D, the
density control was poor, thus causing a morc pronounced scatter in the
RH direction. The 30° cone data (Figure 9) show that the scatter about
the expected value of T(R1 = 1.0) was independent of the scatter about
the expected value of H(RH = 1.0). The graph also shows that for the

depicted moisture range no conclusions can be drawn as to tne coffect of

moisture. This is no doubt partly duc to the intcraction of maistare and density.

19
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It was however felt that the other reason for this scatter was the
interference between the container and the cone. This interference would

also show up differently for the 30O and 60° cones.

All subsequent tests, embodying the main part of the investigation
and described in the next chapter, were performed in enlarged containers.

The resulting analysis of the data showd a :harp reduction in the scatter.

From Figures 5 and 6, the conclusion can be drawn that for most of

the range of values, the i2lationship between T and ¢ is linear.

A regression analysis of the data which was run on the computer gave

the following results:

1. 60° Cone
Equation T = .00l + .297 &
F-Value = 270

Degrecs of Freedom = 86, |
Standard Error or Estimate = .07

Corre.ation Coefficient = .87

2. 30° Cone

- .008 + .277 o

Equation T

F-Value 100
Degrees of Freedom = 78, |

Standard Error of Estimate = .100

Correlation Coefficient = .75

The above data show that:

a) The 30O Cone had more scatter than the 60° Cone.

22
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The 7T-axis intercept appeared to be very smali. The standard

error of the estimate is large in both cases compared to

the intercept value, Thus, for the test conditions as

described, the value of C) may be taken as zero,

23
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EFFECTS OF VELOCITY

Soil Conditions

The sand was kept at two moisture contents: air dry and saturated
(277 by weight). The density of the air dry sand was varied with the
vibrator described in Section 3. The density levels were defined as
Loose, Medium and Dense, which conformed to volume weight , v , of 92,

100 and 109 lb/ft3, respectively.

The wet sand had a constant density which was determined by the
saturation moisture content. To attain greater uniformity , these

samples were also vibrated.

Velocity Conditions

The velocities at which the tests were run ranged from about 20 rpm
to 2000 rpm. The velocity was set on the DC control panel and was
measured continuously by means of a tachometer-gunerator. Thus variations

of the velocity could be observed during the test.

TEST METHOD - VELOCITY EFFECTS

Two methods of testing were used and the results were analyzed with

the aim of determining whether different results were obtained.

Method 1: The soil! was processed to the desired density and was
reprocessed for each new velocity.

Method 2: The soil was not reprocessed for each velocity. From
the viewpoint of ease of testing, the second method is preferable since
the sample is not taken out of the tester and the cone stays in phce
over the whole range of velocities. On the other hand, there is no
knowledge about any change of density during testing and because of the

test itself. Only the initial density is known.
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The first method requires more time since, for each test, the
sample has to be reprocessed or a new sample has to be inserted. Some
amount of scatter will be introduced due to the variation in density between

the samplies for each test, as was brought out also in preceding sections.

RESULTS AND DISCUSSION OF VELOCITY TESTS
Dry Sand

Results for the tests are shown in Figures 12 through /. They include
data obtained by both test methods described in the preceding section.
This inclusion was judged justified after analysis did not show significant
difference. Further proofl was found after the data were plotted, since

the total scatter appears to be very limited in magnitude.

The first conclusion from the results is that for a steel cone-sand
system, the relationship between 1 and ¢ is independent of the velocity,
since all points fall along the same curve and no grouping along the
curve is eviaent. For the dry soils at all three densities, and for

both cones, the relationship can be expressed as

with C, , as expected, having & very low value. The values of the

]

constants for the dry soil, are given in tablec 1.
From Table 1, the following can be concluded:

a. The value of CI for the 30° come is very smill. The
standard error of the estimate is large compared to C] and

includes the zero.
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b. The value of C, for the 60° cone is small but appears

|

to be significantly different from zero.

¢ . The differences betwecn the C, values from within each
L

cone do not give a clue with respect to their trend. No conclusior

can be made regarding the variation of C, with density.

d. The difference between the Cz values for each cone cannot
. 0
be determined although the average value for the 60 conc appears

to be lower than the average value for the 300 cone .

Both figures and table show that the scatter for these series was
much less than for the preliminary tests. This is undoubtedly due to the

experience gained in controlling test conditions.

For a dry, sandy soil no cohesive or adhesive properties, as defined
in the usual sense, would be expected to exist. Thus the values of CI
for the 30O cone would be in accord with this surmise. It does appear,
however, that due to the particular test conditions, some pseudo~coadhesive
effect exists in the case of the 60° cone, since the values of C] here
appear to be different from zero. This does not nccessarily mean that
foi a larger apex angle, the C] value would increase. It is conceivable

that a maximum exists somewhere between the 300 cone and a flat plate

(a cone apex angle of 1809).

The value of C2 is dependent by definition on the material properties

of the interface and thus it would be cxpected that they would be identical
for both cones. However, since no particular care was taken in the
polishing of the cones, some differences in C, values may be due to

surface roughness variations.
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Calculation of & and w-Values and Their Velocity Dependence

The values of v and w were defined in a preceding paper as:
4
v = (2)
2/3 - cot ¢ (0/2)
c
2
T (3)
n+2
w3 C, cot g (8/2)

In Table 11, the values at « <.d n are cilculated from the Cl and Cz
values of Table 1. It is evident that the assumptions made in developing
Equations 2 and 3 are not borne out by the est results. There is no

rational explanation for negative values for either p or « as obtained

for the 300 cone. The principal reason for this appears to be the
sensitivity of the denominator of both equations to the magnitude of Cy -

Saturated Sand

The data for the tests with saturated sand are shown in Figures 18

and 19. It is evident that a linear relation with a positive intercept
does not exist.
on Analysis to fit a quadratic to the data gave the

A Regressi

following results:

1. 30O Cone
r == .033 + .218c + .00302
Correlation Coefficient = .98

Standard error of estimate = .055
Fevalue = 328

Degrees of Freedom = 26,2
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; Test Conditions

Angle

] 30°

60°

o

Density
lLoose
Medium

Dense

Loose
Medium

Dense

Ci
1b/1n2
011
005

. 007

.031
. 045
.036

R-1549

Table 11
CALCULATED o- AND p-VALUES (n=1)

35

.22
L2k
74

.170
.132

.150

o
VAL

negative

.083
.102

. 088

negative

1.74

1378
.253

.305
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2. 60° cone
T=.021 + .0910 + .0902
Standard error of estimate = .011
Correlation coefficient = .99
F-value = 1017

Degrees of freedom = 21,2

the intercepts again are small and the standard error of the estimate is

rather large by comparison although not as pronounced for the 60° cone.

In general, the data from the 60° cone tended to show less scatter.
During the tests, it was observed that the 60° cone tests were easier to
carry out because of smaller penetration. From these tests no definite
conclusions can be made regarding the character and interpretation of the
three constants. More data over a wider range of moisture contents are

required.

CONCLUS IONS

From the tests with wet and dry sand the following conclusions can
be formulated:

1) There appears to be a linear relationship between the shear

stress on a normal stress for the cone in sand.

2) The assumptions made for the development of equations 2 and 3 are
not borne out by the test results; this is partly due to the sensitivity

of those equations to the slope factor C2 of the test data.

3) The relationship between T and o does not appear to be influenced

by velocity for a sand in the dry or saturated condition,

38



R-1549
RECOMMENDATIONS

It is recommended that funds be made available to carry out further

investigations of the following points:

1. A wider range of moisture content for a sand in order to
define more clearly the parameters obtained.
2. Interface parameters and their velocity dependence for cohesive
and mixed soils at various moisture contents.
3. Interface parameters and their velocity dependence for
coated cones in various soils at various moisture contents.
L. Performance of tests with wheels and reduction of data using
dimensional analysis methods in order to incorporate the interface parameters

into a prediction equations system.

REFERENCES
l. Leviticus, L. |. and Ehrlich, I. R., '""The Rotating Cone Soil
Test: A proposed Method to Determine Velocity Dependent Properties of the

Soil Wheel Interface,' Davidson Laboratory Report SIT=DL=71-1511 and ASAE

Paper 70-660.

2. Crenshaw, B.M. ''Soil/Wheel Interaction at High Speed, [STVS=SAE

Paper 710181=1971.

3. Turnage, G. W. and D. R. Freitag, ''Effects of Cone Velocity

and Size on Soil Penetration Resistance,' ASAE paper No. 69-670.

39



R-1549

Appendix
1. SORTING PROGRAM (Only for Themis)

DIMENSTON NM(56),1VS(
2TAU(2070) ,SIGMA (2011

INTEGER TESTNU
CALL IFJLE(2dA,'CONEV")
CALL UFJLEC¢21,'CouT")
I=0
1[=1
READ(272,74) KAWKD,KMiKV

24 FURMAT(41)

32 READ (2@,27) TESTNO,DIG,ID,SOIL,THETA,DENS,WATER
IF(EOFC(2w)) LN TO 32

2V FURMAT(]S5)A1,[1,A4,F3,0,A3,F)
IF (TESTMO,EQ,”,3) GO TQ 30
IF (THFTA,EUW,37,) KsSKA
IF (THETALEQ,6%,) K32#KA
IF (DENS,EO0.'DNS') KsK+KD
IF (DENS,EN.'MED') KsaK+Z2aKD
IF (OEMS,EG.'LSE') KaK+3#KD
IF(WATER,EN.2,8) KsK+KM
IF (WATER.GT.L @, ANDWATER,LE,5.0) KsK+2#KM
IF (WATER.GT.5,0,AND,WATER,LE+10,) KesK+3#KM
IF (WATER,CT.17, .ANU,WATER,LE,15,) KsK+4uKM
IF (WATER.GT.15,,ANU WATER,LE,23,) KakK+54KM
IF (WATER,GT.2¢?, .AND,WATER,LE.25,) KaK+6#KM
IF (WATER,GT,2%, .AND WATER,LE,3$0,) KmK+7#Ki
IF (WATER,GT.37, , ANU,WATER,LE,35,) KeK+84aKM
IF (WATER,GT,3%, .AND,WATER,LE 40.) K=K+9#KM
TANG=SIND(THETA/2,)/COSD(THETA/2,)
SeCA=1,/C0SD(THETA/2,)

31 READ(27,21) T,W,V,H

21 FORMAT{4F)
IF (T.EQ,¥,) GN TO 33
Is{+1
TAU(I)=T/(3,142#(TANG##2)aSECA#(H#23))
SIGMA(I)=W/(3,142aTANG#42)a(1,/(Hen2))
IVS(I)=INTU(V)aKYV+K+]1
VeEL(I)=V
GO TO 21

33 N(I[)=1
I]=]1+1
GO TN 32

2022 VEL(2060)
)

4 Preceding page blank



R-15k49

30 NDAT=]
D0 41 131,NDAT=1
DO 41 U=s1.NDAT
IF (1vs8(1),6T,IVS(J)) GO TO 41
IT1sIVS(1)
T2=TAULL])
T3=SIGMAC])
T4=VEL(])
IVS(1)=]VS(J)
TAU(T1)=TAUCJ)
SIGMA(1)=SIGMA(Y)
VEL(I)=VEL(J)
IVS(J)=]ITL
TAU(J)=T?
SIGMA(J)=T3
VEL(J)=T4

41 CONTINUE
WRITE (21,22)
EMUL=TAUCL)/SIGMA(L)
DO 42 1s1,MDAT

EMUSTAU{I)/SIGMAL(])

RMUIEMU/EMUL

RVEL=VFELC]Y/VEL(L)
42 WRITE(21:;23) IVStI)»TAU(1),SIGMACI)+EMU,RMU,RVEL
23 FQORMAT(3X,112,5F9.4)
22 FORMAT¢1H1,'HEADING COMES HERE',5(/))

CALL EXIT

END

The program will sort according to the moisture content, density, cone
angle, and velocity. The sorting is done according to a code, defined by
the input constants KA, KD, KM and KV. The magnitude of these constants
determines the magnitude and location of the variable.

For instance:

The number 1011012018 is obtained by setting

KA = 1,000,000, 000
KD = 1,000,100

KM = 10,000,000

KV = 100

L2



and

vel

1iv

3
20

el

29

2>

K1Y

LN
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signifies that this test is for a 30° cone, 0.01 moisture, dense sand,

ocity of 120 rpm and belongs to test set number 18.

2. REGRESSION PROGRAM

DIMENSTIQON X(447),TAU(100),S]G
g » ISAVE(S5)»RX(16)sRY(
* yANS(10),R(11)

=1

TYPE 3

FORMAT (' ENTER INPUT BLOCK'/)

ACCERPT 1,TAUCI),SIG(I)

IF(TAUCL])Y.FQ.99)G0 TO 21

Isls1

GO T0O 29

Nz ]=l

DO 23 I31,N

X(I)=SIG¢])

X(IeN)2ST1G(])wa2

X(I1+2#8)=S1G([)wad

X(Ie3aN)=TAU(])

Mz 4

10=1

CALL CORRE(N,M,]0sXsXBAR»STD,RX,R)DsB, T

TYPE 25 (XCI)uXC]+N)aX(T#28N),X([+3#N),I1=1,N)

DO 32 Ks1,3

DO 25 Js1,K

ISAVE(J)=J

KP1sK+1

CALL ORDFR(KP1,R,4,K,]SAVE,RX,RY)

CALL MINV(RX,KsDET»LVIMV)

CALL MULTR(N,K,XBAR,STD,0,RX,RY,ISAVE,B,SB»T,ANS)

TYPE 4, (ANS(1),]=1,12),(B(1),SB(1),T(]),131,K)

CONTINUE

GO TO 10

FORMAT(2F)

FORMAT(34(4F 7))

FORMAT(4F/4F /2F/3(3F/))

END

SUBROUTINME DATA

KE TURN

END

B~

This program is set up to be used on the teletype with a PDP-10

computer. Data are entered in pairs of T,0 on the teletype.
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The subroutines Corre, Order, Minv and Multr, are standard SSP
subroutines - see IBM application Program H20-0205-3.

The output of this program is as follows:

3

1. Input data are repeated and 02 and 0° valu2s are printed out.

2. ANS(I) |

1, 10
ANS | = Intercept
2 = Multiple Correlation Coefficient

= Standard Error of Estimate

& w
[}

SSAR (Regression)
= DF Associated with SSAR
= Mean Square of SSAR

= SSRD (Deviations from regression)

o ~ [« A NN, |
I

= DF Associated with SSDR
9 = Mean Square of SSDR

10 F=Value

3. B(')’ SB(')» T“) =1, K

B(1) = first column at the regression constants

SB(l) = second column - the standard duration associated
with B(1)
T(1) = third column - the t-value associated with B(I)

Ly



